


Flgm1Ml~raphsof0~lstextempletes.8, 
Optical mIcroscopy m  transmkted &$t The dim 
colours probably conespond to orystai domains of 
d!fferent symmetry or orientation. Ib, SCM&Q elec 
trcn mIcrograph (SIN). Ordered latex kqws display 
eher hexagonal or&ubic XpeMng. Scab ~ba&~ 
50pmandl f l ,msp@%~& 

media. The latex particles accumulated 
slowly on the membrane surf&, building 
up closely padted, ordered layers roughly 
lOWPtW.n;refih?p@&@eLnyel 
could ,be btokea $ui~ detached tiom the 
membrane surface ;cpiT.&&& by h&t and 
scamdng electron ~&&~&py (Fig. 1). 

To induce silica polymerization the 
microsphere surfaces h&J to he fimctional- 
ized in situ by adsorption of the surf&ant 
hexadecyltrimethyl ammonium bromide 
(HTAB). We soaked the crystalline latex lay- 
ers with 0.02 M HTAB solution for 20 mm, 
then removed the excess unadsorbed sur- 
factant by washing briefly with deionized 
water. We mineralized the cavities in the 
arrays by passing 0.5 M tica solution 
through the latex-covered Biter. The perm- 
eability of the layers decmaxd as the 
polymerization process continued, so that 
Bow through the filter stopped in less than 
one minute. When the silica solution had 
gelled inside the colloidal crystal layer, we 
removed the excess solution and dried the 
latex/silica composite under vacuum. The 
latex templates inside the polymerized silica 
were removed by heating at 450 “C for 4 h, 
:eaving silica Bakes of very low density as 
he final product 

Seaming electron microscopy shows 
hat the material is built up of three-dimen- 
;ionaJ ordered arrays of uniform pores. 
kunples of the discrete morphology of the 
naterial are shown in Fig. 2. By varying the 
iiz.e of the latex microspheres used, we were 
ble to produw~orgqked materi&.w&h 
mre 6izesr&$ng ‘Wm ~&but Qsz)+&iftd 
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ofsphericalcavkies,~ngenegatM?re~ 
of the original colloidal cfystal embedded in the sili- 
08. are seen. The sibca flakes appear to be built up 
of many similar doma& with dierent crystal orien- 
tetions. Details of materials and methods ate avail- 
able on request from the authors. Scale bars, 1 w. 

1 q~. A compar$on between the repeat 
unite of the.&+ repticas and the originaJ 
latex aytdals showed that thebaited materi- 
als had shrunk by20-3596, i vahte that is 
higher than, but comparable to, that in the 
M41S mesoporous silicas’. 

Our results show that it is possible to 
obtain highly structured silica mater@ in 
w&h the pore size, shape and ordering can 
be precisely controlled within a wide range 
that has previously been unattainable. The 
method is powerful and controllable, and 
could be adapted for large-scale production. 
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The same prion strain 
causes vCJD and BSE 

I 

. . . . . . . . . . . 
Epidemiological and clinicopathologicaj 
studies, allied with pathological prion pm- 
tein (PrP) analysis, strongly support the 
hypothesis that the human prion disease 
new variant Creutzfeldt-Jakob disease 
(VCJD) is causally related to bovine spongi- 
form encePhaJopathy (BSE)13, but consider- 
able controversy remains. Distinct prion 
strainn are distinguished by their biological 
properties on transmission to laboratory 
animals and by physical and chemical differ- 
ences in Prp strains. We now find that the 
biological and molecular transmission char- 
acteristics of vCJD are consistent with il 
beingthe human counterpart of BSE. 

We studied transgenic mio5 expressing 
only human PrP (HuPrP+‘+ PIY@“), which 
havebeenshowntolackaspeciesbarrierto 
human ‘prions dram one iatrogenic CJD 
case’, comparing them with non-tiahsgenic 
(FVB) mioe. All of,16 k&her CJD cases, 
encompa@ngawiderangeodcdirdcoPatho- 
logiosl pieootvpes. all three P4-P+ types 
reported in sporadic and aoquhed priori dis- 
ease8andall P~genotypat polymor- 
phic don 129, a key determihant of genetic 
swceptibility to human prion &seaseaY 

barrier to these isolates (Thble 1). These 
transgenic mice express human PrP 
homozygous for valine at codon 129. How- 
ever, there was no signikmt difference in 
mean incubation periods between inocula of 
the d&rent codon 129 genotypes. Prp typ- 
ing of these transmissions showed that the 
same priori types seen in sporadic and iatro- 
genic CJD (type6 l-3) are producex$ distinct 
ti-omthatseeninvCJD(type4)2.0nlyocca- 
sional transmissions, at lo 

Y?z!r 
and variable 

incnbatio~ jjetbds, were inEvBmice. 
In contrast, efficient transmission of 

vCJD to PVB mice was observed (Table 1) 
although incubation .periods were pro- 
longed. Conversely the attack rate of vCJD 
in the transgenic mice was reduced in 
comparison to typical CJD, and incubation 
perk& were generally more variable and 
prolonged. Mean incubation periods to 
thesesixvCJDcasesweresimilari.nboth 
types of mice. The clinical course in vCJD- 
in- lransgdc mice was much longer 
thsn in transmissions of typical CJD. vCJD 
in humsns is also sssociated with a long 
clinical duration’. Some mice, as well as 
showing typical neurologicaI kahues, per- 
sisten~ waked backwards. ‘Ihis unusual 
ekQi&J~,~~&ttegl~~of 
tjrpiCallalD,e&ltalGapiilial~orblhef 
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inherited priori diseases7. 
BSE transmits eflkkltly to PVB mid, 

albeit with prolonged and variable incuba- 
‘on Periods (Table 1) which fall to a consis- 

D eat short incubation period of around 140 
days on second passage (data not shown). 
Transmissions of BSE into the transgenic 
mice did not occur at incubation periods 
well beyond those of classical CTD’, but we 
have now observed transmission with much 
longer incubation periods (Table 1). These 
transmissions resembled those of vCJD with 
a long clinical duration and ba&wxds walk- 
inginsomeanimalsaswellastheotherwise 
typical clinical features of mouse scrapie. 

There were striking similarities in PrP 
deposition patterns between BSE- and 
vCJD-inoculated animals (detailed neuro- 
pathological studies will be published else- 
where). Such patterns are determined by 
host genotype as well as by agent strain*. We 
saw distinct patterns in the two types of 

t 

R&W T~~,dprion dkeases to mice. II, Scatter graph of proporkns of protease-reslstant PIP in 
mice, but, in each case, vCJD and BSC pn+ s, me hm rmsss {djgtycosylated) and low-molecular-mass (monoglycosyiated) &Worms in indi- 
duced closely similar patterns. In vCJD- and /II vidusl hutnq aqsqe end Fbf3 mice wjth experimenfally transmitted CD, ICD Or SE. $p!N@o epd &7v- 
BSE-inoculated non-transgenic mice, there : -C&I m #‘@%m I-3), red KIMXB% K33, yellow cirdaa; tra%s~Maaions of typical CR to VA 
were PrP plaques and di&se PrP deposi-- mice, gown squa~~A@EJo fw mice, blue Square&L Transmissions of GII to FI@ mioe, ppen triangles. 
tion. In vCJD- and BSE-inoculated Huprpf’+. 
Pm-pdO transgenic mice we saw a predo& 

40, w b+@ &@i~ ~omOgen@s after pre-treatment with proteinase K using anWlP polydonal anti- 
bcx& ~@f.@~ @)~,&M3P, monodonal ant&~& a MC). MeUwds w as in ref. 2 exwpt that for PIP 

nantly pericellular pattern of PrP immuno- g&cofam msl@$.~~ cfwMWwmt substrate (EC!? Amenham) was used end .&OS ana@ed on a 
staining (data not shown). PrP plaques are a Storm &Whosphdqeger (Moleoulsr l&namice). b, Transmission of LCD end @E to non-transgenic (FL@ 
rare feature of prion disease in I&e. Occa- mice, Lane 1, human.i@I; 2, @X-inoculwed FL8 mouse (same c8se as lane ,I); 3. SSE 4, SSE-inoculated 
sional mock-inoculated transgdc mice W  w (same ca@ gs in ianq 3). a, Transmission of XXI ,to Hlf?P*‘* Ar+cp/o Dqnsgenic mice. Lane 1. 

owed weaker and less extensive pericellu- , 
$ 

human CID, ~2 Pfi $tmpsger$c mouse inoculated v&h CID case from lane 1 showing type-2 pattern; 
PrP immunostainisg, probabty@ec$ing ., 3, human 0 casp~.~.PtP? 4, transgenic mouse inoculated with @II from lane.3 showing type5 pat- 

the high level of ZrP?,i,overexpression in ; tern; S. hunen Cz, #s+Jypw2 PIPR 6 and 7, type5 Ptf+ pattern in vX%oculated transgenic mice. 
these mice. Warn blo$ting for Prp ,was : :! ,I’ i ’ ! $5 ’ pIi ., : I 
negative in all these controls. In tranmihon rof .vCJD to HuPrP+‘+ mice of a di%rent wdon 129 PrP genotype 

We performed western blot analysis to Pm-p* fmnsge&mice, where human PrF than the imculum has been reported previ- 
detexmine the Prp types produced in these is generated, hgmeint sizes in inocul~ and ouslf. w-1 Prp, seen in CJD cases of 
transmissions. We have previously shown host can be directly compared. Again the 129MM’ PRNP genotype, consistently con- 
thatthePrptypeseeninvCJD(type4)has PrP produced had type 4-&e glycoform averts to type-2 PrF on passage in these 
a ratio of glycoforms closely similar to that ratios. However, the fragment sizes d&r transgenic mice expressing 129W human 
of BSE passaged in several other specid. from those in the inoculm and were indis- PrF! The glycoform ratios of the original 
vCJD-inoculated FVB mice produced mouse tingG&ble from those in the type-2 PrF inoculum are also maintained*. Abrupt 
Prp with type 4-like glycoform ratios and pattern’ (Pig. lc). We have designated this changes in the biological properties (‘muta- 
fragment &es indistinguishable &om those new pattern &ype 5.’ I tion’) of murine scrapie strains on passage in 

mice of di&rent genotypes are well recog- 
II nized9. We have not, however, been able to 

ShowPrPby- blotting in BSE-inoc- 
dated HuPrP+‘+ Pm-pdO transgenic mice. 
Thk may reflect culling of many of these 
mice soon atIer clinical diagnosis rather than 
at a more advanced clinical stage. Though 
transmission of prion diseases without 

: detectablePr~onprimarypassagehasbeen 
: repo~7*‘o, itwillbeimportanttoconfirm 

transmGon by second pa&age studies. 
i; ,’ The pri6n tit&s in tie& #imary inocula 

are u+noti but may be higher in the 
human cases, because cattle with EM will 
haye been culled 

3 
re the terminal stages 

of d@se. However, n clinical, pathol+cal 
and molecular criteria, vCJD shows remark- 
able similarity in its transmission character- 
istics to BSE, and is quite di&nct from all 
othq forms of sporadic apd ,qtied CJD. 

z.1 Th&dat~ provide &&pelling’&dence’that 
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BSE and vCJD am caused by the same prion 
straim Taken together with the temporal and 
spatial association of vCJD with BSE but not 
with scrapie or other animal prion diseases, 
and BSE transmission studies in macaq&‘, 
this strongly suggests that vCJD is caused by 
BSE expose The theoretical possibility 
that both BSE and vCJD arise from exposure 
to a common unidentified source appears 
ElllOte. 

The production of a distinct molecular 
strain type on transmission of vCJD to mice 
expressing valine 129 human PrP suggests 
that BSE transmitted to humans of this 
genotype might produce a similar strain 
Such cases niay difJer in their dinical and 
pathological phenotype to vCJD, but could 
beidenti&dbyPr~typing. ‘,‘, 

Although it has been arg@.that the 
species barrier resides in PrP piimary struc- 
ture di&rences between donor and ho&f, 
ourdataemphasimthatstraintype&ibe~ 
as important. As prion propagation involves 
interactions between Prp and host Prti, 
mdstrainsareassociatedwfthdi&rencesin ’ 
FrP conformation and gJyco$ationr”, such 
PrP interactions may be most e5dent if@ ‘. 
nteracting proteins are not only of the saple ’ 
sequence but have similar umibrmational 
preferences and gJycosylation. Mismatch of’ 
zoddn 129 between inoculum and J-JuPrP?~ 
Dtrr-pdo mice does not significantJy affect ’ 
ZJD transmission, but this could diffbr for, ’ 
3% All VCJD cases have been 129MM~~~ 
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genotype (ref. 14 and unpublished data). 
A.lthough our 129W mice are much less 
susceptible to BSE than to typical CJD, sug- 
gesting a substantial species barrier, 129MM 
human PrP mice could be more susceptible. 
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‘Male-stuffing’ h 
wasp societies 
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Intracolony aggression within and between 
castes of social insects is common’-3. We 
havmbservedanunusual~interac- 
tion between n&mates of the paper wasp 
P&tes dominulus. In response to foragers 
returning to the colony, females (workers) 
initiate aggte&e encmnlters with males 
culm@ating tith ,tbe male being forced 
h&d-first int.@;an empty nest-ceJl (‘male- 
stdqo. ‘Sm malei are unable to feed, 
y@y#+vj&j seems to inme that food 
Is Pmf*~~,$nneBed to iarvae, which 
aq$&6l$jtS%Q@e closely related to the 
ws$&+ iqp+!y.+@yb. 

% &$ .s,.‘rt 

,We 6!wervG two ategorks of ,&fling. -~~&&&g~~,l)*ti*m~~ 
to-ant@ma, .c&nact and was followed by 
grap@ig~- Ming-; and sting-threats. The 
$ggiw+rrlem &n&d the recipient head- 
firgint6 aq @.ipty *bell. %peated stutBr& 
‘W MMw&$+vWWWpshing the-& 
j@tjon~qs af@@iyid~. $vh6se h&&and c 
thor+c~atfeadp&sid9acell.. 1 I I 

xWe studied the behaviour by transaiii 
and anaJys& 26 J#iurs of videotape. We saw 
stuf6ngWavibur cinly in colonies c6ntain- 
ing tpales iv 7 ~,donie+) and not in those 
wit&* @wQi&aiqjw by’4llaend 
morphol6gyf ~~=~~;~P~O.O@l).~Stu%ng ~ 
was directed exdusively at males, despite 
their beiig greatly outnumbered by fen&s 
(1:4.21) in cdonies of both sexes (binomial 
test, PCO.0001). Of 66 stufling events, 46 
were dhcted at n&s from that colony 
(identified by marking them at edosion); the 
remainder wereof unknown origin, Queens 
(n = 5) did not stuff males (0166 events; 
bmomial,test, P<O.l). All stuffingwas done 
by workers other than the returning forager. 

Jnitii$st+f@gouurredso6nafterthe 

Rgum2Dbmc8betweenthetlmeftom~ 
t-fmnt male errhel until stufbg and half tha average 
intewatbetwzenretums.AvalueofOisexpectedif 
malesMing is tarxbm with respect to atils. Initial 
.%-RI-Q (m32) ocwmd shortly after a nestmate 
ratumad (f=18.85*2.69~; Wikzoxon signed-rank test 
z=-320, “P<O.ol), but repaated stuflhg (/7=34) 
oc~~rfad tandcfnly with twpect to enivals (f= 39.88 r 
261 s; z- -0.18, P>O& NS). Means f s.e.m. 

ing occurred at random times (Fig. 2). 
Males that hadbeen repeatedJystu&d rem- 
ained in cells 6.35 times longer f.f = 3tM.29 f 
43.01 s; mean time f s.e.m.) than the mean 
tim+atuven‘forager arrivals (i= SO.53 f 
2.25 s; n ~833). ‘I’hus, stdng may function 
to preclude n&s from gaining access to 
resourcesgatheredbytheworkers. 

Limiting food consumption by males 
may maximhg the indusive fitness of work- 
ers, who shodd direct their help towards 
doaeIy:#&Jatej.l kinG. Peeding Mure repro- 
ductive&m&s prov& a larger fitness pay- 
off .&an k&ding adult maleit. Workers from 
a colony containing one singly mated queen 
have a relatedness to sisters of 0.75. Workers 
are only related by 0.25 to brothers, 0.375 to 
nephews (worker-produced males) and are 
unmlated to immigmnt males. 

Assuming that female larvae are present, 
workers are more closely related to repro- 
ductive-destined larvae than to adult males. 
Even in circumstan~s where workers are, 
on average, equally related to male and 
female nestmates (such as brothers and half- 
si+rS *en *.e que+m haa mated more than 
once), feeding needy larvae may provide a 
larger indusive fitness pay-off than feeding 
adult males, which can forage for them- 
Selws. Preferential channelling of resources 
to larvae, by stutling males, may maximize 
the gemtic self-intereat of worker wasps. 
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